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1. Introduction 


Several authors have reported on life histories of oribatid mites from the Northern 
Temperate zone (BLock 1965, Harpine 1973). In the course of an ecological study of the 
micro-arthropod fauna of four terrestrial communities on the sub-antarctie island of South 
Georgia, three species of oribatids were selected for life-history analysis. It is hoped that 
the results from this work will allow a clearer understanding of the processes underlying 
the observed population fluctuations. This study is the first quantitative examination of 
a sub-antarctie micro-arthropod community. The main population data for this study 
derive from twenty-six consecutive monthly samples from two sites at Maiviken, South 
Georgia (54° 14’ S, 36°30’ W). One site is grassland dominated by Festuca contracta (T. KIRK). 
The other is a moss turf dominated by Polytrichum alpestre Horre and Chorisodontium 
aciphyllum (Hook, f. et Wits.) BROTH. 

The three species selected have a wide size range and identifiable juvenile stages. Bobra- 
chychthonius oudemansi VAN DER HAMMEN, 1952, is a small pale oribatid mite, found almost 
exclusively in the litter layer of the Festuca contracta site. Platynothrus skottsbergii TRÄ- 
GARDH, 1931, ssp. expansus WALLWORK, 1966, is a large, mainly surface-active mite, see- 
mingly feeble for its size. Edwardzetes elongatus WALLWORK, 1966, is almost as large, but 
heavily armoured and strongly constructed. The last two species are commonly found in 
the top levels of the moss turf site. All three species feed on moss material, possibly for 
its microbial content. 

The term “Festuca contracta site”, is a subjective one. On a scale more appropriate to 
a mite most of the surface is covered with mosses and the grass does not dominate the 
community as much as it appears to a human observer. In terms of the vegetation cover, 
the two sites are similar and differ mainly in the deeper layers of the profile. Mineral soil 
lies under a thin layer of litter on the Festuca contracta site, but peat under the moss turf 
can be up to two metres in depth. 
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South Georgia has a climate that is highly unpredictable rather than harsh overall. In 
any month in the summer, frosts may occur, and at any time in the winter, high winds may 
strip the insulating layer of snow off the sites and allow temperatures in the soil to fall 
considerably. Screen air temperatures at King Edward Point, four kilometres from the 
sites, showed a range of 33 °C for 1977, while the range of monthly means was 9 °C, from 
+6 °C in February to —3 °C in July. However, in any month, extremes of 11 °C above, 
and 7°C below the mean were recorded. Rainfall at the sites was c. 150 mm per month. 
The sites are in the rain-shadow of a range of mountains and so can experience sudden 
strong, very dry Féhn winds which rapidly desiccate the soil surface. Climatically, a disaster 
for surface-active mites can happen at any time. 


2. Methods 
2.1. Extraction 


Sixteen randomly located cores of 11.3 em? area and 6.0 cm depth were taken from each site on 
the first day of each month, and the fauna extracted by heat over 6 days in a high-gradient canister 
apparatus. Individuals were sorted to species under a low-powered microscope and counted. The 
first thirteen samples, those taken from January 1977 to January 1978, were stored for later life- 
history analysis. 


2.2. Species identification 


Kobrachychthonius oudemansi is easily distinguished from other mites in all its stages by its trans- 
verse sutures and curved dorsal setae. Only 0.3% of individuals were incorrectly identified at this 
stage, as confirmed by later examination under a compound microscope. Platynothrus skottsbergiť 
adults are the largest mites found on the sites and adults and juveniles share a distinctive shape and 
colouration. The only other nothrid mite, Trimalaconothrus flagelliformis WALLWORK, 1970, is very 
rare and distinctive in all stages. Edwardzetes elongalus is the only ceratozetid mite on South Geor- 
gia, and the adult is distinguishable by size alone. The juveniles of the other species in the group 
are of adult shape, albeit without any lamellae or pteromorphae, and covered with long setae. 
Edwardzetes elongatus juveniles are cylindrical in shape with a unique green-brown colouration, 
wrinkled transversely and with a flat, forward-sloping postero-dorsal surface. 


2.3. Life stage identification 


In contrast to the other two species, a considerable size range was found smaller than 
the modal size of Eobrachychthonius oudemansi. The modal size has an overall length of 
c. 200 um, and because of its three unequal genital papillae, it is identified as the tritonymph. 
Larvae, protonymphs and deutonymphs have to be assigned to the less distinet peaks of 
smaller size (Fig. 1). The small numbers of these stages recovered and the difficulty of ob- 
serving their genital apparatus make further assignment difficult. The peak in the size dis- 
tribution between 230—260 um is separable from that around 200 m by an increase in 
the number of genital setae from 6 to 7, and from the peak between 260—300 um by the 
absence of both orange colouration and eggs. One egg was found in half the individuals 
from the largest sized peak. It is snggested that the two largest-sized peaks represent the 
smaller males and the larger, darker, females. The formulae for the genital setae of the dif- 
ferent stages of this and the other species are shown in Table 1. 


Table 1. Genital setal formulae and overall body lengths for all stages of three species of oribatid 
mite from South Georgia 


Larvae Proto- Deuto- Trito- Adults 
nymph nymph nymph 

Eobrachychthonius Genital setae 0 2 5 6 7 
oudemansi Length, «m — = 170 200 280 
Platynothrus Genital setae 0 1 5 13 25 
skottsbergii Length, ym 220 260 340 450 1,100 
Edwardzetes Genital setae 0 1 3 5 6 
elongatus Length, „m 180 240 290 340 820 

Pairs of Posterior 2 3 31/2, 4, 5 0 

serrated setae 4 
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Fig. 1. Distribution of sizes of Eobrachychthonius oudemansi recovered from the Festuca contracta 
site, January 1977 to January 1978. 
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Fig. 2. Distribution of sizes of three species of oribatid mite, recovered from January 1977 to January 
1978; Hobrachychthonius oudemansi from the Festuca contracta site, Platynothrus skottsbergii and 
Edwardzetes elongatus from the moss turf site. Numbers are plotted logarithmically. 


61 


Platynothrus skottsbergii is easy to assign to life stage, as the body clears well to allow 
observation of the genital area. Body length is a good indicator of life stage (Fig. 2). Simply 
by sorting into size classes, over 90%, of the individuals were correctly assigned, as con- 
firmed by later observation of the genital apparatus. The peaks corresponding to the life 
stages are identified in Table 1. 

Around the flat postero-dorsal surface of the juveniles of Edwardzetes elongatus are from 
two to five pairs of long, serrated setae unlike any others on the posterior end of the body. 
Because of the way the legs naturally fold under the body and the pigmented, folded sur- 
face of the dorsum, it is not usually possible to observe the genital apparatus, and a dif- 
ferent method of assignment to juvenile stage was used. The development of the posterior 
setae was a reliable guide. Larvae have two pairs and protonymphs have three pairs of 
such setae. The later stages are more difficult as they can show an extra “half” seta on 
either side. This is a seta similar to the others but less than half as long. Rather than in- 
clude mites with 3!/, pairs of setae with those having 4, and those with 4!/, pairs with those 
having 5 pairs, I have chosen, on the basis of similarity of size, to assign individuals with 
31/2, 4, or 41/, pairs of setae to the deutonymphs, and only those with 5 pairs of setae to the 
tritonymphs. This life stage separation is difficult to equate with development but it is 
retained in the absence of more reliable evidence. It may be possible for there to be a fa- 
cultative early development, or a reduced development, of a pair of setae at the moult to 
the deutonymph, and for the error to be compensated for at the next moult. 


3. Results 
3.1. Populations 


The monthly totals of the three species recovered from one site during 13 months are 
shown in Fig. 3. The highest populations are present in June or July in early winter. How- 
ever, I suggest that at least some of the reason for the low numbers of the species Zobra- 
chychthonius oudemansí and Platynothrus skottsbergii recovered in February and August 
may be due, in summer, to compaction of the cores during the sampling process, caused 
by the dryness of the soil profile, and, in winter, to rapid thawing of the cores. Both of these 
factors may cause mortality of individuals in the extraction apparatus. 


3.2. Succession of life stages 


Eobrachychthonius oudemansi: An adult bloom at the spring melt produces eggs that 
develop through the early stages to give rise to a peak, mostly of deutonymphs, in late 
winter (Fig. 4). The deutonymphs reappear in summer as tritonymphs, some of which de- 
velop to adults through the winter to give rise to the large numbers at the melt. This sug- 
gests a life cycle that may require two years to complete. 

Platynothrus skottsbergii: Larvae increase in numbers from January to March as they 
hatch from the eggs laid during the early part of the summer by the scarce adults (Fig. 5). 
These larvae can moult to protonymphs at any, briefly favourable, time. These mites moult 
more synchronously to deutonymphs, suggesting that winter protonymphs take longer 
than summer ones to develop to the deutonymph stage. Deutonymphs, tritonymphs, and 
adults are all more abundant in summer than in winter but it is not clear whether the three 
stages found together are from the same generation. I suggest that they all derive from the 
same summer s eggs and that the life cycle is completed in one year. 


F Numbers of three mite species recovered from thirteen monthly samples from January 1977 
to January 1978. Site for each species as Fig. 2. Each sample, taken on the first day of each month, 


of sixteen cores of area 11.3 em?, to a depth of six em. Numbers plotted logarithmically. 


Fig. 4. Percentages of three identifiable life-stages of Eobrachychthonius oudemansi in totals from 
thirteen monthly samples from the Festuca contracta site, January 1977 to January 1978. 
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Fig. 5. Percentages of five life-stages of Platynothrus skottsbergii in totals from thirteen monthly 
samples from the moss turf site, from January 1977 to January 1978. 


Edwardzetes elongatus: Adults dominate the collections throughout the year (Fig. 6). In 
summer, they lay eggs which develop into larvae during the winter. Earlier larvae give 
rise to mid-winter protonymphs and later ones to a summer peak. All the protonymphs 
moult into deutonymphs after about one year from the hatching date. The later moults 
are not as rigidly timed as the earlier ones and both deutonymphs and tritonymphs are 
present all through the year, albeit in small numbers. Recruitment into the adult stage is 
slow and steady. 


4. Discussion 


Most species of oribatid mite, whose life histories have been studied, have been from the 
Northern Temperate zone. They typically show an annual cycle, so that each stage, exclud- 
ing the adult, is present for only a short period during the year. On South Georgia, the 
seasons are not predictable enough for this to be a viable strategy. A similar situation is 
found in hot deserts, where the occurrence of a rainfall event triggers a burst of biological 
activity (J. A. WALLWORK pers. comm.). On South Georgia the exact micro-elimatic con- 
ditions needed for development are not known, but it is suggested that desiccation, low 
temperatures, and ice formation may all prevent growth at different times of the year. 
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Fig. 6. Percentages of five life-stages of Edwardzctes clongatus in totals from thirteen monthly 
samples from the moss turf site, from January 1977 to January 1978. 


The three species of oribatid mite considered here have adopted two alternative stra- 
tegies to overcome problems caused by the fluctuating micro-climatic conditions in the 
upper layers of the soil profile on South Georgia. The first is to have the majority of the 
biomass of the species in the adult stage and to divert only a small amount of energy to- 
wards reproduction in each of several breeding seasons so that the effect of one unsuceess- 
ful season is not disastrous for the survival of the species. This is the strategy adopted by 
Edwardzetes elongatus. Large numbers of adults produce young, investing only a small 
amount of energy, and surviving to breed again in other, possibly more favourable, years. 
Modifying previous work, Srearns (1976) suggested that the energy cost of an animaľs 
morphology was an important intermediary in the allocation of energy to reproduction, 
competition, and predator avoidance. It appears that Edwardzetes elongatus adults risk only 
a small amount of their available energy in iteroparous reproduction, allowing them to 
divert more to the growth of protective morphology. This takes the form of heavy sclero- 
tisation of the body which may allow the animal to continue to move after freezing has 
made the moss difficult to push aside, and permit the animal to move deeper into the moss 
when climatic conditions make the surface untenable. It is probable that energy reserves 
are laid down inside the body. 
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Another strategy is to breed profusely, but only once, with a total investment of effort. 
This creates, for a suicidally large energy expenditure by each adult, the largest possible 
number of new individuals, some of whom will survive until conditions are once more fa- 
yourable for development. When this occurs, some will develop to the adult stage, which 
will then breed, investing so much energy in semelparous reproduction that none is available 
to sustain the adults, This strategy is adopted by both Eobrachychthonius oudemansi and 
Platynothrus skottshergii. The former invests much of its biomass in the form of tritonym phs, 
while the latter invests in larvae. These resting or surviving stages may develop to adults 
when conditions are favourable. The two species, although with adults of widely differing 
sizes, have resting individuals of very similar size (Table 1). The adults, which are the most 
abundant stages, of Eupodes minutus (STRANDTMANN, 1967), Bakerdania rugosa Cross, 1970, 
Rhizoglyphus echinopus Frxocze et Ronin, 1868, and Oppia erozetensis (Ricwrers, 1908) 
are all in the range 200250 xm in overall body length. These are all very abundant spe- 
cies on the two sites. It seems that this is an optimum size for a mite in a moss litter on 
South Georgia, either for energetic reasons, or because the interstices of the litter are of 
this size too, allowing these animals to continue to move around in the moss litter even 
when larger anima trapped by the freezing of some of the water in the moss. 

Sub-antarctie soil micro-arthropods might be expected to be subject to reproductive 
selection, and some features of their ecology support this view. The climate is unpredictable, 
the animals themselves are small and short-lived and the populations can vary widely in 
size. However, Edwardzetes elongatus shows some features of an animal that undergoes 
competitive selection. It controls the unpredictability of its environment by moving deeper 
into the moss. It avoids the worst of the mechanical disturbance of the freeze-thaw cycling 
by its strong construction. It lives for about three years and produces fewer young per 
adult than the other species examined, The size of the population remains steady, possibly 
at the carrying capacity of the environment. It seems that even in the moss turf of South 
Georgia there is a niche for an animal that can survive the fluctuating conditions with a 
high probability of being able to breed more than once. I suggest that Edwardzetes elongatus 
is more K-selected than the other species considered. 

The two strategies adopted by the three spe are similar in one important respect. 
They allow the animal to divert some available energy towards a reserve which can sup- 
port the population through periods of unfavourable conditions. Eobrachychthonius oude- 
mansi and Platynothrus skottsbergii both invest in large numbers of a resting stage, of a very 
similar size, which I suggest is better for survival over long periods than the adult stage. 
This resting stage forms a reservoir, from which the breeding population is formed when 
conditions become favourable. Edwardzetes elongatus maintains a reservoir of adults ca- 
pable of breeding. each individual being well protected against the rigours of the climate 
by virtue of investment in a morphology which is expensive in energy diverted from repro- 
ductive effort. This diversion of energy from reproduction to a reserve is necessary where 
future conditions are unpredictable. 
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Synopsis: Original scientific paper 
West, Ču., 1982. 
Life histories of three species of sub-antarctie oribatid mite. Pedobiologia 23, 59—67. 

The life histories of three species of litter-dwelling oribatid mites from the sub-antaretic island 
of South Georgia were examined using material collected from monthly m Individu of 
the three species were assigned to life stage by three different methods. Two alternative reproduc- 
tive strategies are presented. Eobrachyehthoníus oudemansi and Platynothrus skottsbergii have resting 
stages, tritonymphs and larvae respectively, which may facnltatively develop to semelparous adults 
when conditions are favourable. Ediardzeles elongatus is iteroparous, putting only a little effort 
into each of several breeding seasons. Both strategies involve some diversion of effort away from 
other activites towards making reserves to allow the animals to survive an unpredictable period 
of adverse climatic conditions. 


Key words: Sub-antaretic, mites, reproductive strategy, semelparous, iteroparous, reserves, un- 
predictability, r- and K -seleetion. 
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